ABSTRACT. Comparing with reinforced concrete structure, member rigidity of steel structure is less, and displacement of steel structure is larger than that of reinforced concrete structure, so the secondary moment due to axial force has to be considered, i e., the problem of P-Delta effect. For most building structures, especially tall steel buildings, the P-Delta effect of most concern occurs in the columns due to gravity load, including dead and live load. The column axial forces are compressive, making the structure more flexible against lateral loads. If compressive P-forces are present and are large enough, the structure may buckle. Local buckling of individual members or global buckling of the whole structure is possible. This paper presents the method to analysis stability of steel frames with semi-rigid connections and rigid zones by using P-Delta effect.
Introduction
All joints are neither rigid nor pinned, but contain a certain degree of flexibility or rigidity that has a significant influence over the buckling capacity of a steel frame. The adoption of the limit state design concept and optimum design has resulted in the use of slender members in steel framed structures. To predict the load-carrying capacity and the buckling behavior of these structures, rigorous second order nonlinear analysis must be adopted. In an accurate analysis, both the geometric nonlinearity and the joint flexibility play an important role to the stability of steel framed structures. Since they are inter -related and simultaneously affect each other, therefore the stability analysis of steel framed structures can be considered in to nonlinear geometric approach.
The P-Delta effect refers specifically to nonlinear geometric effect of a large tensile or compressive direct stress upon transverse bending and shear behavior. A compressive stress tends to make a structural member more flexible in transverse bending and shear, whereas a tensile stress tends to stiffen the member against transverse deformation. If the compressive force is large enough, the transverse stiffness goes to zero and hence the deflection tends to infinity; the structure is said to have buckled. The theoretical value of P at which this occurs is called the Euler buckling load. P-Delta analysis does not provide a direct method of determining the buckling load of structure. It may be estimated, however, by performing a series of runs, each time increasing the magnitude of the P-Delta load, until buckling is detected. It is important to keep unchange the relative contributions from each load case to the P-Delta load, increasing all load case scale factors by the same amount between runs.
It is important to understand that there is no single buckling load for a structure. Rather, there is a different buckling load corresponding to each spacial distribution of loads. If buckling of the structure is a concern under various loading situations, the buckling load should be estimated separately for each situation.
2. To establish the geometric stiffness matrix and stiffness matrix [ka] and [k] 
we write
The geometric stiffness matrix of beam element (2.3) reduces to
where P = O-xoA.
The stiffness matrix of beam element is created as [1] To incorporate the connection rigidity into the member stiffness, it is a common practice to model the semi-rigid connection as massless and zero length rotational spring. Although semi-rigid connections exhibit nonlinear response characteristics throughout their whole loading history, it is generally accepted that under service loading conditions the semi-rigid connections can be assumed to behave linearly.
For a single element with semi-rigid connections and rigid-zones, the work balance with consideration of P-delta effect becomes
where { 8u} and { 8c} are respectively small arbitrary displacements and their corresponding strains, [ E] is t he material property matrix, [ kk] is the stiffness matrix of the springs, { 8uk}T are the small displacement of the springs, { q} are body forces, and volume integration is carried out over the element volume Ve.
Using usual notation, we have for displacement field {u} (which is a function of both space and time) 
{8X*}r[j[e]T[Tf[Bf[E][B][T][e]{X*}dV
Ve Ve
Since { 8X*} is arbitrary, Eq (3.3) can be written as
where [k*], [k;] are the stiffness matrix, geometric stiffness matrix of the element with semi-rigid connections and rigid-zones; { F*} are external load vectors; { X*} is the displacement vector of the element with semi-rigid connections and rigid-zones. They are defined as: Structural model of beam with semi-rigid connections is shown in Fig. 1 and beam with semi-rigid connections and rigid-zones in Fig. 2 , -6EJ(2EJ + k2L) To impose the boundary conditions into equations (4 .1) that becomes:
Solving equations (4.4) to find x2; X4: To impose the boundary conditions into equations ( 4.1) that becomes:
Solving equations (4.6) to find x 2 , x 4 :
From Fig. 2b we have the transformation matrix as follows 21 (4.6) (4.7)
5. Second order elastic analysis of steel frames with semi-rigid connections and rigid zones
The linear elastic analysis assumes that the deformations are relatively small, and the equilibrium equations can be formulated with respect to initial geometry. When increasing applied loads which cause significant changes in the structure's geometry, the equilibrium and compatibility equations are nonlinear and the resulting stiffness matrix contains terms that are functions of axial forces and deformations. The stiffness matrix representing this behavior must include the effect of geometry nonlinearity. In addition, for members with flexible connections and rigid-zones at the ends, the stiffness matrix and geometric stiffness matrix must be modified taking into account the effect of connection flexibility and rigid-zones. The structural stiffness equations formed by superimposing the member stiffnesses include effects of geometric nonlinearity and connection flexibility and rigid-zones.
The equilibrium equations are written in terms of the geometry of the deformed structure: 
Numerical examples for verification
These are three two-dimensional frames in [2] , [3] , [4] , as shown in figures 3, 4, 5. The purpose of these examples is to verify the adequacy of the P-Delta algorithm in Program written by Pascal language for these types of problems. Theoretical results for these problems can be derived using the stability function approach. Tables for stability functions can be obtained from References [4] . The agreement between the numerical and theoretical results is excellent. The values in columns (2) and (9) 
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Conclusions
The present study aims at developing a computer-oriented stability analysis by using P-Delta effect for steel framed structures with semirigid connections and rigid zones. A second-order nonlinear approach is adopted to include both geometric nonlinearity and connection flexibility.
The stiffness matrix and geometric stiffness matrix of beam element with semirigid connections and rigid zones are derived by using transformation matrices [T] and [e] . The derived matrices not only include the effects of axial force (tension or compression) on the flexural stiffnesses but also effects of (1) flexural deformations on the axial stiffness; and (2) flexural semi-rigid connections and rigid zones at the beam's ends. Both matrices are necessary in the stability and second-order elastic analyses of frames with semi-rigid connections and rigid-zones. The derived matrices are limited to the elastic stability and second order analyses of framed structures.
For determining properly the buckling strength of individual members in steel framed structures with semi-rigid connections and rigid-zones, the analysis should be focused on the ill-plane stability of the overall structural system rather than on the in-plane stability of individual members. In this paper, the framework structure will be taken as the whole for determination of the critical load. For this reason, the designer should conduct a full stability analysis for the given structure under a specific design loading to determine the proper buckling strength of structure. This study provides an approach to obtain more accurate estimation of the stability behavior and better to determine the capacities of the structure.
A Pascal code has been written for the stability analysis by using P-Delta effect in this study based on above derivations for conducting system buckling analysis. The validity of the program is substantiated by the test cases.
